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(57) ABSTRACT 

A solid-state imaging device having a high sensitivity and a 
structure in Which a miniaturized pixel is obtained, and a 
method for manufacturing the solid-state imaging device in 
Which an interface is stable, a spectroscopic characteristic is 
excellent and Which can be manufactured With a high yield 
ratio are provided. 

The solid-state imaging device includes at least a silicon 
layer formed With a photo sensor portion and a Wiring layer 
formed on the front-surface side of the silicon layer, and in 
Which light L is made to enter from the rear-surface side 
opposite to the front-surface side of the silicon layer and the 
thickness of the silicon layer 4 is 10 pm or less. Also, the 
method for manufacturing the solid-state imaging device at 
least includes the steps of: forming a semiconductor region 
of a photo sensor portion in a silicon layer of a layered 
substrate in Which a silicon substrate, an intermediate layer 
and a silicon layer are laminated; bonding a ?rst supporting 
substrate onto the silicon layer; removing the silicon sub 
strate and the intermediate layer; forming thereafter a Wiring 
portion above the silicon layer; bonding a second supporting 
substrate onto the Wiring portion, and removing the ?rst 
supporting substrate to make the silicon layer exposed. 
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SOLID-STATE IMAGING DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

RELATED APPLICATION DATA 

[0001] This application is a divisional of Us. patent 
application Ser. No. l0/978,754, ?led Nov. 1, 2004, the 
entirety of Which is incorporated herein by reference to the 
extent permitted by laW. The present invention claims pri 
ority to Japanese patent application No. 2003-374627 ?led 
in the Japanese Patent Of?ce on Nov. 4, 2003, the entirety of 
Which also is incorporated by reference herein to the extent 
permitted by laW. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a solid-state imag 
ing device and a method for manufacturing the same, and 
particularly relates to What is called a solid-state imaging 
device of a back-illuminated type and a method for manu 
facturing the same. 

[0004] 2. Description of the Related Art 

[0005] With a high density integration of a semiconductor 
device, a transistor and other semiconductor elements have 
been tried to be more miniaturized and to raise mounting 
density more than before. 

[0006] Therefore, in a CMOS image sensor (CMOS type 
solid-state imaging device), it is required that a pixel is made 
minute and an element is made to be highly integrated. 

[0007] HoWever, in a conventional CMOS image sensor in 
Which light detection is performed by irradiating a photo 
sensor portion With light from a lens formed on a Wiring 
portion through the space betWeen Wiring layers, the photo 
sensor portion can not be irradiated With an enough amount 
of light, because an eclipse of incident light due to the 
obstacle such as a Wiring layer occurs and an aperture ratio 
of the photo sensor portion is made small in accordance With 
the high density integration of device to make the pixel 
become minute. Accordingly, such problems as loWer sen 
sitivity and more shading may occur. 

[0008] Therefore, the photo sensor portion is irradiated 
With light from the rear side (opposite side to the Wiring 
portion), so that an effective 100% ratio of aperture can be 
achieved and sensitivity can be su?iciently raised Without an 
in?uence of an obstacle such as a Wiring layer. 

[0009] Accordingly, a CMOS image sensor in Which the 
photo sensor portion is irradiated With light from the rear 
surface side (opposite side to the Wiring portion), What is 
called a back-illuminated type CMOS image sensor, has 
been developed. 

[0010] Then, in the back-illuminated type CMOS image 
sensor, it is considered that a silicon layer of the photo 
sensor portion is made thin to obtain higher sensitivity (refer 
to, for example, patent document 1 or patent document 2). 

[0011] FIG. 1 is a vertically sectional vieW schematically 
shoWing a back-illuminated type CMOS image sensor to 
Which the above described construction is applied. 

[0012] In a MOS sensor 100, since a silicon substrate 101 
including photo sensor portions 102 is made thin, sensitivity 
to incident light L can be raised. 
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[0013] Further, since the incident light L is not blocked 
even if Wiring layers 104 are formed on the photo sensor 
portions 102, ?exibility in layout of the Wiring layers 104 
can be obtained. Accordingly, the high density integration of 
an element can be obtained by forming the Wiring layer 104 
to be multi-layered and by minimizing an area of a pixel. 

[0014] A method for manufacturing the back-illuminated 
type image sensor having such a thin silicon layer is con 
sidered, in Which, for example, after a photo diode of a photo 
sensor portion is formed in a silicon substrate, the silicon 
substrate is ground from the back thereof to be thin. 

[0015] Patent document 1: Japanese Published Patent 
Application No. H6-7746l (FIG. 3) 

[0016] Patent document 2: Japanese Published Patent 
Application No. H6-283702 (FIG. 2) 

[0017] HoWever, in the above-described manufacturing 
method, an interface of the silicon substrate after grinding 
the back surface becomes electrically unstable. Also, a 
mechanical damage may affect the silicon substrate. 

[0018] As a result, dark current is caused due to the above 
problems. 
[0019] Hence, an image sensor of the back-illuminated 
type having the above-described structure has a limitation in 
use such as requiring a cooling process. 

[0020] Furthermore, light absorption depends upon the 
thickness of a silicon layer; hoWever, since the thickness is 
made thin by grinding, control for the thickness of the 
silicon layer (silicon substrate) of the photo sensor portion 
becomes deteriorated, so that the spectroscopic characteris 
tic as the sensor tends to disperse. 

[0021] As a result, the manufacturing yield ratio becomes 
deteriorated, and the cost may increase because of such a 
problem. 

[0022] Therefore, the back-illuminated type structure has 
been used only for limited purposes, though the sensitivity 
of the photo sensor portion could be improved. 

[0023] In addition, a conventional image sensor of the 
back-illuminated type structure has several ten micro-meter 
of the thickness of a silicon layer in Which the photo sensor 
portion performing the photo-electric conversion is formed; 
and When a pixel is miniaturized, the electric-charge of a 
signal diffuses betWeen adjacent pixels to generate mixed 
color. 

[0024] Accordingly, it is dif?cult to realize a minute pixel. 

[0025] To solve the above-described problems, the present 
invention provides a solid-state imaging device having a 
structure in Which sensitivity is high, almost no shading 
occurs and a pixel can be miniaturized. 

[0026] Further, the present invention provides a method 
for manufacturing a solid-state imaging device, in Which the 
solid-state imaging device having a stable interface and an 
excellent spectroscopic characteristic can be manufactured 
With a high yield ratio. 

SUMMERY OF THE INVENTION 

[0027] A solid-state imaging device according to the 
present invention includes at least a silicon layer having a 
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photo sensor portion in Which photo-electric conversion is 
performed and a Wiring layer formed on the front-surface 
side of the silicon layer, in Which light is made to enter from 
the rear-surface side that is opposite to the front-surface side 
of the silicon layer and the thickness of the silicon layer is 
10 pm or less. 

[0028] According to the above-described present inven 
tion, a structure of What is called a back-illuminated type is 
formed With the structure including at least a silicon layer 
formed With a photo sensor portion and a Wiring layer 
formed on the front-surface side of the silicon layer, in 
Which light is made to enter from the rear-surface side of the 
silicon layer. Further, since the thickness of the silicon layer 
is 10 pm or less, high sensitivity is obtained in the Wide 
range of Wavelength including infrared range and a drift 
electric-?eld of approximately 200 mV/um or more can be 
formed With a design having the range of drive voltage (2.5 
V to 3.3 V) that is conventionally used. 

[0029] Furthermore, since the thickness of the silicon 
layer is thinner than the conventional ones, the distance 
betWeen a lens and a semiconductor region of the photo 
sensor portion can be shortened. 

[0030] A solid-state imaging device according to the 
present invention includes at least a silicon layer having a 
photo sensor portion in Which the photo-electric conversion 
is performed and a Wiring layer formed on the front-surface 
side of the silicon layer, in Which light is made to enter from 
the rear-surface side that is opposite to the front-surface side 
of the silicon layer and the thickness of the silicon layer is 
5 pm or less. 

[0031] According to the above-described present inven 
tion, a structure of What is called a back-illuminated type is 
formed With the structure including at least a silicon layer 
formed With a photo sensor portion and a Wiring layer 
formed on the front-surface side of the silicon layer, in 
Which light is made to enter from the rear-surface side of the 
silicon layer. Further, since the thickness of the silicon layer 
is 5 pm or less, high sensitivity is obtained in the visible light 
range and a drift electric-?eld With an approximate intensity 
of 400 mV/um or more can be formed With a design having 
the range of drive voltage (2.5 V to 3.3 V) that is conven 
tionally used. 

[0032] Furthermore, since the thickness of the silicon 
layer is further thinner than the conventional ones, the 
distance betWeen a lens and a semiconductor region of the 
photo sensor portion can further be shortened. 

[0033] A method for manufacturing a solid-state imaging 
device according to the present invention is the method in 
Which a layered substrate formed With a silicon substrate, an 
intermediate layer and a silicon layer laminated is used, 
including at least the steps of: forming a semiconductor 
region of a photo sensor portion in the silicon layer of the 
layered substrate; bonding a ?rst supporting substrate to the 
silicon layer; removing the silicon substrate and the inter 
mediate layer of the layered substrate; then forming above 
the silicon layer a Wiring portion having a Wiring layer in an 
insulative layer; bonding a second supporting substrate to 
the Wiring portion; and removing the ?rst supporting sub 
strate to make the silicon layer exposed. 

[0034] According to the above-described method for 
manufacturing a solid-state imaging device of the present 
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invention, since the Wiring portion is formed on the silicon 
layer and the ?rst supporting substrate is removed to make 
the silicon layer exposed, the rear-surface side of the silicon 
layer, Which is opposite to the front-surface side in Which a 
Wiring portion is formed, is exposed to obtain the back 
illuminated type structure in Which light enters from the 
rear-surface side. 

[0035] Further, since a layered substrate in Which a silicon 
substrate, an intermediate layer and a silicon layer are 
laminated is used and a semiconductor region of a photo 
sensor portion is formed in the silicon layer of the layered 
substrate, an interface of a silicon layer on Which the 
semiconductor region of a photo sensor portion is formed 
becomes comparatively stable, so that the spectroscopic 
characteristic of a solid-state imaging device can easily be 
stabiliZed by controlling the thickness of a silicon layer. 

[0036] Moreover, With respect a silicon layer Where a 
semiconductor region is formed, since a Wiring portion is 
formed on the front-surface side thereof and the ?rst sup 
porting substrate is bonded to the rear-surface side and then 
the ?rst supporting substrate is removed, there is no need to 
grind the silicon layer and a mechanical damage can be 
prevented from affecting the silicon layer. 

[0037] Further, upon use of a layered substrate including 
a thin silicon layer, a solid-state imaging device having the 
above-described solid-state imaging device of the present 
invention, that is, having a structure of a solid-state imaging 
device in Which the silicon layer including a semiconductor 
region of a photo sensor portion is thin to be 10 um or less 
(or 5 pm or less) can be manufactured. 

[0038] A method for manufacturing a solid-state imaging 
device according to the present invention is the method in 
Which a layered substrate formed With a silicon substrate, an 
intermediate layer and a silicon layer laminated is used, 
including at least the steps of: forming a semiconductor 
region of a photo sensor portion in the silicon layer of the 
layered substrate; forming on the silicon layer a Wiring 
portion having a Wiring layer in an insulative layer; then 
bonding a supporting substrate to the Wiring portion; and 
removing the silicon substrate and the intermediate layer to 
make the silicon layer exposed. 

[0039] According to the above-described method for 
manufacturing a solid-state imaging device of the present 
invention, since the Wiring portion is formed on the silicon 
layer and the silicon substrate and the intermediate layer of 
the laminated substrate are removed to make the silicon 
layer exposed, the rear-surface side of the silicon layer, 
Which is opposite to the front-surface side in Which a Wiring 
portion is formed, is exposed to obtain the back-illuminated 
type structure in Which light enters from the rear-surface 
side. 

[0040] Further, since a layered substrate in Which a silicon 
substrate, an intermediate layer and a silicon layer are 
laminated is used and a semiconductor region of a photo 
sensor portion is formed in the silicon layer of the layered 
substrate, an interface of a silicon layer on Which a semi 
conductor region of a photo sensor portion is formed 
becomes comparatively stable, so that the spectroscopic 
characteristic of a solid-state imaging device can easily be 
stabiliZed by controlling the thickness of a silicon layer. 

[0041] Moreover, With respect to a silicon layer Where a 
semiconductor region is formed, since a Wiring portion is 
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formed on the front-surface side thereof and the silicon 
substrate and the intermediate layer are removed, there is no 
need to grind the silicon layer and a mechanical damage can 
be prevented from affecting the silicon layer. 

[0042] Further, upon use of a layered substrate including 
a thin silicon layer, a solid-state imaging device having the 
above-described solid-state imaging device of the present 
invention, that is, having a structure of a solid-state imaging 
device in Which the silicon layer including a semiconductor 
region of a photo sensor portion is thin to be 10 um or less 
(or 5 pm or less) can be manufactured. 

[0043] According to a solid-state imaging device of the 
present invention, since What is called a back-illuminated 
type structure is formed, sensitivity can be improved and the 
occurrence of shading in the surrounding pixels can be 
controlled; and further, since the thickness of the silicon 
layer is 10 pm or less, a high sensitivity is obtained in the 
Wide range of the Wavelength including infrared regions, 
and a suf?cient drift electric-?eld is formed to make the 
read-out of the electric-charge to the front-surface side 
carried out securely. 

[0044] Further, since the distance betWeen a lens and a 
semiconductor region of the photo sensor portion can be 
shortened, the occurrence of mixed color caused by light 
incident on adjacent pixels can be restrained. 

[0045] According to a solid-state imaging device of the 
present invention, since What is called a back-illuminated 
type structure is formed, sensitivity can be improved and the 
occurrence of shading in the surrounding pixels can be 
restrained; and further, since the thickness of the silicon 
layer is 5 pm or less, a high sensitivity can be obtained in the 
range of visible light, and the drift electric-?eld With enough 
intensity can be formed to make the electric-charge read-out 
to the front-surface side. 

[0046] Further, since the distance betWeen a lens and a 
semiconductor region of the photo sensor portion can be 
shortened, the occurrence of mixed color caused by light 
incident on adjacent pixels can be controlled. 

[0047] Furthermore, an ion implantation When forming a 
semiconductor region of a photo sensor portion can easily be 
performed using, for example, only a photo resist as a mask. 

[0048] Therefore, according to the present invention, a 
solid-state imaging device of the back-illuminated type 
structure in Which a high sensitivity is obtained and the 
electric-charge can be read out to the front-surface side can 
be realiZed. 

[0049] Further, the ?exibility in the layout of a Wiring 
layer and design can be obtained due to the back-illuminated 
type structure, and the occurrence of mixed color caused by 
light incident on adjacent pixels can be restrained due to a 
thin silicon layer, so that a pixel can easily be miniaturized. 
With the miniaturization of pixels of the solid-state imaging 
device, the solid-state imaging device can be highly inte 
grated and be small-siZed. 

[0050] Moreover, in each of the above-described respec 
tive solid-state imaging devices of the present invention, 
When an element isolation region is formed betWeen each 
pixel of said photo sensor portion in the Whole thickness 
direction, the pixels can be electrically separated by the 
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element isolation region and color electrically mixed With 
adjacent pixels can be prevented. 

[0051] Further, in each of the above-described solid-state 
imaging devices of the present invention, When a region of 
a second conduction type is formed in the vicinity of an 
interface of the silicon layer on the rear-surface side, Which 
is opposite to a region of a ?rst conduction type constituting 
a photo sensor portion, a dark current generated in the 
vicinity of the interface of the silicon layer on the rear 
surface side can be reduced. 

[0052] According to the method for manufacturing a solid 
state imaging device of the present invention, since the ?rst 
supporting substrate is bonded onto a silicon layer; a Wiring 
portion is formed above the silicon layer after a silicon 
substrate and an intermediate layer of a layered substrate are 
removed; the second supporting substrate is bonded onto the 
Wiring portion; and the ?rst supporting substrate is removed 
to make the silicon layer exposed, the interface of the silicon 
layer becomes stable and the spectroscopic characteristic of 
a solid-state imaging device is stabiliZed by controlling the 
thickness of the silicon layer, so that a solid-state imaging 
device With an excellent spectroscopic characteristic can be 
manufactured With a high yield ratio. 

[0053] Further, upon use of a layered substrate having a 
thin silicon layer, a solid-state imaging device having a thin 
silicon layer in Which a semiconductor region of a photo 
sensor portion is formed can easily be manufactured. 

[0054] Particularly, When the ?rst supporting substrate is 
bonded to a silicon layer, the heat treatment at a compara 
tively high temperature such as at about 1100 degree 
centigrade is executed to make an impurity of a semicon 
ductor region of the silicon layer activated and to make the 
crystallinity on the interface of the silicon layer improved, so 
that a solid-state imaging device scarcely having noise can 
be manufactured. 

[0055] According to the method for manufacturing a solid 
state imaging device of the present invention, since a Wiring 
portion is formed above a silicon layer; a supporting sub 
strate is bonded onto the silicon layer; and a silicon substrate 
and an intermediate layer of a layered substrate are removed 
to make the silicon layer exposed, the interface of the silicon 
layer becomes stable and the spectroscopic characteristic of 
a solid-state imaging device can be stabiliZed by controlling 
the thickness of the silicon layer, so that a solid-state 
imaging device With an excellent spectroscopic characteris 
tic can be manufactured With a high yield ratio. 

[0056] Further, When a layered substrate having a thin 
silicon layer is used, a solid-state imaging device having a 
thin silicon layer in Which a semiconductor region of a photo 
sensor portion is formed can easily be manufactured. 

[0057] Particularly, since the heat treatment at a compara 
tively loW temperature can be performed for manufacturing, 
in?uences of the heat treatment to a transistor and others can 
be reduced, so that the transistor With a narroW pitch is 
formed to easily provide a minute pixel. Also, increase in the 
number of processes can be controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0058] FIG. 1 is a schematic and vertically sectional vieW 
of a back-illuminated type CMOS image sensor; 
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[0059] FIG. 2 is a schematic constitutional vieW (showing 
a vertical section) of a solid-state imaging device according 
to an embodiment of the present invention; 

[0060] FIG. 3 is a vertically sectional vieW of a relevant 
portion of the solid-state imaging device of FIG. 2; 

[0061] FIG. 4 is a characteristic curve shoWing the rela 
tionship betWeen the thickness of a silicon layer and the 
dependence of the quantum ef?ciency on the Wavelength of 
incident light in a photo sensor portion; 

[0062] FIG. 5 is a characteristic curve shoWing the rela 
tionship betWeen the thickness of a silicon layer and the 
dependence of the quantum ef?ciency on the Wavelength of 
incident light in the photo sensor portion; 

[0063] FIG. 6 is a vieW shoWing the spectroscopic char 
acteristic of an infrared ray cut-off ?lter; 

[0064] FIG. 7 is a vertically sectional vieW of an SOI 
substrate; 
[0065] FIGS. 8A to 8C are manufacturing process vieWs 
shoWing an embodiment of a method for manufacturing a 
solid-state imaging device according to the present inven 
tion; 
[0066] FIGS. 9A to 9C are manufacturing process vieWs 
shoWing an embodiment of a method for manufacturing a 
solid-state imaging device according to the present inven 
tion; 

[0067] FIGS. 10A and 10B are manufacturing process 
vieWs shoWing an embodiment of a method for manufac 
turing a solid-state imaging device according to the present 
invention; 

[0068] FIGS. 11A and 11B are manufacturing process 
vieWs shoWing an embodiment of a method for manufac 
turing a solid-state imaging device according to the present 
invention; 

[0069] FIGS. 12A to 12C are manufacturing process 
vieWs shoWing another embodiment of a method for manu 
facturing a solid-state imaging device according to the 
present invention; and 

[0070] FIGS. 13A to 13C are manufacturing process 
vieWs shoWing another embodiment of a method for manu 
facturing a solid-state imaging device according to the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0071] FIG. 2 shoWs a schematic constitutional vieW 
(shoWing a vertical section) of a solid-state imaging device 
of an embodiment of the present invention. In this embodi 
ment, the present invention is applied to a CMOS image 
sensor (a CMOS type solid-state imaging device). 

[0072] A solid-state imaging device 1 includes a support 
ing substrate 2, a Wiring portion 3, a silicon substrate 4, a 
color ?lter 5 and an on-chip lens 6, Which are formed from 
the front-surface side in this order. 

[0073] In the Wiring potion 3, a plurality of Wiring layers 
12 are formed With an insulative layer 11 formed therebe 
tWeen. A thin insulative coating 13 Which functions as a gate 
insulative ?lm is formed betWeen the Wiring portion 3 and 
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the silicon substrate 4, and a gate electrode 14 is formed on 
the front-surface side of the insulative layer 13 for the 
read-out of the electric-charge. 

[0074] An N-type region 17 constituting a photo diode of 
a photo sensor portion is formed in the silicon substrate 
thickly in the thickness direction, and a positive electric 
charge storage region (P+ region) 16 is formed at a position 
on the front-surface side of the N-type region 17. Also, an 
N-type ?oating diffusion (FD) 15 is formed under the gate 
electrode 14 With the read-out region in betWeen. 

[0075] Though not shoWn in the ?gure, the supporting 
substrate 2 and the Wiring portion 3 are bonded by an 
adhesive layer or others. A silicon substrate for example can 
be used as the supporting substrate 2. Other materials can be 
used for the material of the substrate as long as having a 
favorable planarity and having a small difference in thermal 
expansion rate from that of silicon. 

[0076] Then, light L is made to enter from the side of the 
lens 6, namely the rear-surface side opposite to the side of 
the Wiring portion 3, to provide a CMOS image sensor of 
What is called a back-illuminated type. 

[0077] A read-out transistor is composed of the gate 
electrode 14, an end of the N-type region 17 and the ?oating 
diffusion 15. 

[0078] Further, other transistors in a pixel and peripheral 
circuit elements are formed on the front-side of the silicon 
substrate 4 in other sections not shoWn. 

[0079] Particularly, in this embodiment, the thickness D of 
the silicon layer (silicon substrate) 4 Where the photo censor 
portion is formed is set to 10 pm or less. Preferably, the 
thickness D of the silicon layer 4 is set to 5 um or less. 

[0080] With the above structure, since the thickness D of 
the silicon layer 4 is thinly formed, the occurrence of mixed 
color caused by light incident on the adjacent pixels can be 
reduced and also a high sensitivity can be obtained. 

[0081] Further, since a drift electric-?eld of approximately 
200 mV/um or more can be formed When designed in the 
range of the drive voltage (2.5 V to 3.3 V) conventionally 
used in a CMOS image sensor, the read-out of the electric 
charge to the front-surface side is securely performed With 
this electric-?eld. 

[0082] In addition, noise caused by the irradiation of light 
is equal to or less than that of a CMOS type solid-state 
imaging device of a front-illuminated type structure. 

[0083] A high sensitivity can be obtained in the Wide range 
of Wavelength including infrared-ray region, When the thick 
ness D of the silicon layer 4 is set to 10 um or less. 

[0084] A high sensitivity can be obtained in the range of 
visible light, When the thickness D of the silicon layer 4 Was 
set to 5 um or less. 

[0085] Further, When designed having the range of the 
above-described drive voltage, a drift electric-?eld of 
approximately 400 mV/um or more can be formed, so that 
the read-out of the electric-charge to the front-surface side is 
carried out easily. 

[0086] When the thickness D of the silicon layer 4 is set 
to 5 pm or less, an advantage result that the manufacturing 
becomes easy can be obtained. 
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[0087] When the thickness D of the silicon layer 4 exceeds 
5 pm, it is necessary to execute an ion implantation With a 
super high energy and to form a hard musk of the oxide 
coating for forming the N-type region 17 in the structure 
shoWn in FIG. 2. 

[0088] On the contrary, When the thickness D of the silicon 
layer 4 Was set to 5 pm or less, manufacturing can be carried 
out easily, because the ion implantation for forming the 
N-type region 17 can be performed using a resist mask. 

[0089] Further, in the solid-state imaging device 1 accord 
ing to the embodiment of the present invention, a P+ region 
(a highly concentrated p-type region) 18 is formed as an 
element isolation region at the position betWeen the N-type 
regions 17 of the photo sensor portion of the adjacent pixels 
in the Whole depth direction. 

[0090] Therefore, the N-type region 17 of each pixel can 
be electrically separated and an electrically mixed color 
betWeen the adjacent pixels can be prevented. 

[0091] Furthermore, in the solid-state imaging device 1 
according to the embodiment of the present invention, the P+ 
region 19 is also formed on the rear-surface side of the 
N-type region 17, in other Words, on the side of the color 
?ler 5. 

[0092] Accordingly, a dark current caused by the interfa 
cial level on the rear-surface side of the silicon layer 4 can 
be reduced. 

[0093] In the solid-state imaging device 1, as shoWn in a 
vertical section around the photo sensor portion of FIG. 3, 
the incident light is converted into the electric-charge at a 
position comparatively deep in the N-type region of the 
photo sensor portion (at the portion on the rear-surface side), 
and the electric-charge e' moves to the front-surface side as 
shoWn by an arroW in FIG. 3. This movement is performed 
smoother as much as the above-described drift electric-?eld 
has a large area. 

[0094] Then, When the gate electrode 14 becomes the ON 
state, the electric-charge e- is read out to the ?oating 
di?fusions 15. 

[0095] Here, in the solid-state imaging device 1 of the 
structure shoWn in FIG. 2, the relationship betWeen the 
thickness D of the silicon layer and the dependence of the 
quantum e?iciency on the Wavelength of the incident light L 
in the photo sensor portion is measured. 

[0096] The relationship betWeen the thickness D (um) of 
the silicon layer and the dependence of the quantum effi 
ciency on the Wavelength (nm) of the incident light L in the 
photo sensor portion is shoWn in FIGS. 4 and 5. FIG. 4 
shoWs the thickness D of the silicon layer and the quantum 
ef?ciency of the Whole silicon layer of that thickness. FIG. 
5 shoWs the quantum ef?ciency (an absorption ratio in each 
portion) in the thickness range of every 1 um measured from 
the side of incident light, and for example the thickness 
betWeen 2 pm and 3 pm is plotted at 2.5 pm. 

[0097] According to FIG. 4, blue (the Wavelength of 
around 400 nm) is absorbed by 100% at 2 um or less and 
green (the Wavelength of around 550 nm) is absorbed by 
100% at approximately 5 pm, respectively. Red (the Wave 
length of around 750 nm) is not absorbed by 100% even at 
10 um. 
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[0098] According to FIG. 5, the absorption ratio of red 
(750 nm in Wavelength) is 2% at the maximum in the depth 
of 4.75 pm to 5.25 um (the diffusion layer of a transistor is 
assumed). Green and blue are negligibly small. 

[0099] Also, in the solid-state imaging device for the 
picture application Which is seen With human eyes, an 
infrared ray cut-olf ?lter is provided to prevent the infrared 
ray from entering. 

[0100] FIG. 6 shoWs the spectroscopic characteristic of 
the infrared ray cut-olf ?lter. In FIG. 6, both the infrared ray 
cut-olf ?lter of the deposition type and the infrared ray 
cut-olf ?lter of the absorption type are shoWn. The deposi 
tion type is conventionally used, and light of the longer 
Wavelength than 650 nm has a cut-off characteristic, though 
light of the Wavelength 650 nm or less is almost transmitted, 
as shoWn in FIG. 6. 

[0101] Therefore, in the solid-state imaging device for the 
picture application seen With human eyes, the sensitivity on 
the side of the Wavelength longer than 650 nm is not 
required. Note that, in the case Where the above solid-state 
imaging device is used for monitoring, it is desirable to have 
the sensitivity to infrared range. 

[0102] Even if the thickness D of the silicone layer 4 is 5 
pm or less, the sensitivity to light of the Wavelength 650 nm 
or less can be obtained satisfactorily, so that the sufficiently 
high sensitivity is obtained in the solid-state imaging device 
for the picture application seen by human eyes, When the 
structure of this embodiment of the present invention is 
employed. 
[0103] Further, the occurrence of mixed color by the 
di?fractive light in the CMOS image sensor of the front 
illuminated type structure Was measured by analyZing the 
tWo-dimensional Wave, and Was found that several percent 
ages thereof existed. 

[0104] On the other hand, almost no mixed color by the 
di?fractive light has occurred in the CMOS image sensor of 
the back-illuminated type structure, and the occurrence 
thereof Was less than the limit detected by analyZing the 
Wave (0.1% or less). 

[0105] HoWever, in the CMOS image sensor of the back 
illuminated type structure, light entered from the rear 
surface side may affect an element (for example, transistor) 
on the front surface, and may cause noise. 

[0106] Hence, With the silicon layer of, for example, 5 pm 
in thickness, an in?uence upon an element (a transistor for, 
example) on the front-surface side caused by the incident 
light from the rear surface can be restrained, and a total 
amount of noise can be reduced less than that of CMOS 
image sensor of the front-illuminated type structure. 

[0107] According to the structure of the solid-state imag 
ing device 1 of the above-described embodiment of the 
present invention, the on-chip lens 6 and others are disposed 
on the side (rear-surface side) opposite to the side (front 
surface side) of the Wiring portion 3 of the silicon layer 4 
Where the photo sensor portion is formed, and the back 
illuminated type structure in Which the light L is made to 
enter from the rear-surface side is employed, so that there is 
no Wiring layer 12 betWeen the on-chip lens 6 and the photo 
sensor portion, thus the loss of the incident light by the 
Wiring layer 12 does not occur. Accordingly, the amount of 



US 2006/0281215 A1 

incident light can be increased Without changing the area of 
the photo sensor portion; and also, it becomes possible to 
increase the area of the photo sensor portion and to set the 
shape of a pattern of the N-type region 17 to make light 
easily enter, so that the sensitivity can be improved. Further, 
the occurrence of shading in the adjacent pixels can be 
restrained. 

[0108] Due to the back-illuminated type structure, in this 
solid-state imaging device shoWn in FIG. 2, there is no need 
to pass light through the Wiring portion, so that the degree 
of ?exibility in design and the layout of the Wiring layer 12 
may increase and thus, for example, the coating thickness of 
the Wiring layer 13 and the resistance can be optimized. 

[0109] Accordingly, the solid-state imaging device 1 of 
each pixel is miniaturized to attain the high density integra 
tion and the miniaturization. With the front-illuminated type 
structure, it is dif?cult to make a CMOS image sensor 
including one million pixels or more; hoWever, With the 
structure of this embodiment, a CMOS image sensor includ 
ing one million pixels or more can easily be obtained. 

[0110] Further, according to the structure of the solid-state 
imaging device 1 of this embodiment, since the thickness D 
of the silicon layer 4 is 10 pm or less, or preferably, 5 pm or 
less, the thickness D of the silicon layer 4 becomes even 
thinner compared With the conventional back-illuminated 
type structure Which has the silicon layer of approximately 
several ten pm in thickness, and thus, the distance betWeen 
the lens 6 and the N-type region 17 of the photo sensor 
portion can be shortened more, so that the sensitivity can be 
improved as a result, and also the occurrence of mixed color 
caused by incident light on the adjacent pixels can be 
restrained, even if miniaturization of a pixel is performed. 

[0111] Then, With the thickness of silicon layer 4 reduced, 
the drift electric-?eld can be formed With further intensity 
When the solid-state imaging device is designed in the range 
of a conventional voltage (from 2.5 V to 3.3 V), and the 
electric-charge to Which the photo-electric conversion Was 
performed at the rear-surface side can easily be read out to 
the front-surface side. 

[0112] Accordingly, even if the amount of the electric 
charge accumulated in the photo sensor portion increases, 
the read-out of the electric-charge can be performed satis 
factorily, so that the accumulated electric-charge increases 
and the dynamic range is improved. 

[0113] Furthermore, according to the structure of the 
solid-state imaging device 1 of this embodiment, the P+ 
region 18 is formed as the element isolation region in the 
Whole thickness direction of the silicon layer 4 at the 
position betWeen the N-type regions 17 constituting the 
photo diode of the photo sensor portion of each pixel, so that 
the pixels can be separated electrically and electrically 
mixed color With the adjacent pixels can be prevented. 

[0114] Furthermore, according to the structure of the 
solid-state imaging device 1 of this embodiment, the p+ 
region 19 is also provided on the rear-surface side of the 
N-type region 17 of the silicon layer 4, so that What is called 
a HAD (Hole Accumulated Diode) structure is formed on 
the rear-surface side as Well, similarly to the front-surface 
side (the positive charge accumulating region 16). 
[0115] Therefore, the occurrence of dark current generated 
in the vicinity of the interface of the silicon layer 4 on the 
rear-surface side can be restrained. 
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[0116] Further, the solid-state imaging device 1 of this 
embodiment is the CMOS image sensor (CMOS-type solid 
state imaging device), so that the occurrence of smear Which 
becomes a problem in the CCD solid-state imaging device 
does not occur. 

[0117] Next, as an embodiment of the method for manu 
facturing the solid-state imaging device of the present inven 
tion, a method for manufacturing the solid-state imaging 
device having the back-illuminated type structure similar to 
the solid-state imaging device 1 of FIG. 2 is explained. 

[0118] In this embodiment, as shoWn in the vertical sec 
tion in FIG. 7, an $01 substrate 24 is used, in Which on a 
silicon substrate 23 a silicon layer 21 is formed With a silicon 
oxide coating (SiO2 coating) as an intermediate layer 22 in 
betWeen. 

[0119] With respect to the SOI substrate 24, the Whole 
thickness thereof is 725 pm or less, for example, and the 
thickness of the silicon layer 21 is 10 pm or less (preferably 
5 pm or less). 

[0120] First, as shoWn in FIG. 8A, an N-type region 25 
Which becomes a main portion (a portion of the rear-surface 
side) of the N-type region 17 constituting the photo diode, 
and a P+ region 19 on the rear-surface side are respectively 
formed in the silicon layer 21 of the S10 substrate 24 by ion 
implantation. In addition, a matching mark 26 used for 
positioning a color ?lter and an on-chip lens is formed 
together. 

[0121] Next, as shoWn in FIG. 8B, an adhesive layer 32 is 
formed on a surface of a ?rst supporting substrate 31, and the 
?rst supporting substrate 31 is adhered to the silicon layer 21 
of the SOI substrate 24 With the adhesive layer 32 in 
betWeen. Then, the heat treatment at, for example, a tem 
perature of 1100 degree centigrade is performed for bond 
ing. At this time, impurities in the N-type region 25 and in 
the P+ region 19 of the silicon layer 21 are activated. 

[0122] Next, as shoWn in FIG. 8C, a Wafer is positioned 
upside doWn. 

[0123] Subsequently, the silicon substrate 23 and the inter 
mediate layer 22 that are on the silicon layer 21 are sequen 
tially removed using a back-grind method, a CMP (Chemi 
cal Mechanical Polishing) method, a Wet-etching method or 
the like, for example. As a result, the silicon layer 21 is 
exposed as shoWn in FIG. 9A. 

[0124] Next, a gate electrode 14 of a read-out transistor is 
formed on the silicon layer 21 With a thin insulative layer in 
betWeen. Further, With respect to the silicon layer 21, ion 
implantation of an N-type impurity is performed from the 
front-surface side to form an N-type region 27 Which 
becomes the front-surface side portion of the rest of the 
N-type region 17 constituting the photo diode, and a ?oating 
diffusion 15 composed of an N-type region. Moreover, With 
respect to the silicon layer 21, ion implantation of the P-type 
impurity is performed from the front-surface side to form on 
the surface of the N-type region 27 a positive charge 
accumulated region 16 of a P-type (p+) (refer to FIG. 9B). 

[0125] Accordingly, the N-type region 17 of the photo 
sensor portion is formed of both the N-type region 25 Which 
Was formed from the rear-surface side and the N-type region 
27 Which Was formed from the front-surface side. 
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[0126] Subsequently, as shown in FIG. 9C, the Wiring 
portion 3, in Which a plurality of Wiring layers 12 are 
formed, is formed on the silicon layer 21 With the insulative 
layer 11 in betWeen. 

[0127] Furthermore, a protective coating is formed on the 
upper surface of the Wiring portion 3, though not shoWn in 
the drawing. This protective coating is provided to prevent 
the Wiring portion 3 from absorbing moisture, so that the 
Wiring layer 12 is not affected by the moisture. For example, 
a silicon nitride coating is formed as the protective ?lm by 
a plasma CVD method. 

[0128] Next, as shoWn in FIG. 10A, an adhesive layer 34 
is formed on a surface of a second supporting substrate 33, 
and the second supporting substrate 33 is adhered to the 
Wiring portion 3 With the adhesive layer 34 in betWeen. 
Then, the heat treatment at a temperature of 400 degree 
centigrade or less is performed for bonding. Since the heat 
treatment at this time is performed after the Wiring layer 12 
Was formed, the treatment is performed at a loWer tempera 
ture of 400 degree centigrade or less so that the Wiring layer 
12 can be prevented from the in?uence. A SOG (Spin On 
Glass) and a metal layer capable of metal-bonding can be 
used as the adhesive layer 34 in this case. 

[0129] Next, as shoWn in FIG. 10B, a Wafer is positioned 
again upside doWn. 

[0130] Subsequently, the ?rst supporting substrate 31 and 
the adhesive layer 32 that are on the silicon layer 21 are 
removed using a back-grind method, a CMP (Chemical 
Mechanical Polishing) method, a Wet-etching method or the 
like, for example. As a result, the silicon layer 21 is exposed, 
as shoWn in FIG. 11A. 

[0131] Next, as shoWn in FIG. 11B, an anti-re?ective 
coating 28 is formed on the silicon layer 21, and a color ?lter 
5 and an on-chip lens 6 are formed thereon sequentially. A 
pad electrode for connecting to the outside terminal or the 
like is also formed, though not shoWn in the draWing. 

[0132] As heretofore described, the solid-state imaging 
device of the back-illuminated type structure can be manu 
factured. 

[0133] In addition, in a CMOS image sensor such as the 
solid-state imaging device 1 shoWn in FIG. 2, a peripheral 
circuit portion Which performs driving, control and others of 
the solid-state imaging device 1, are formed on the same 
semiconductor chip together With the solid-state imaging 
device 1 Which constitutes an imaging portion. 

[0134] Therefore, though not shoWn in the draWing, a 
semiconductor region of the transistor and others of the 
peripheral circuit portion are also formed When the semi 
conductor region of the photo sensor portion is formed. 

[0135] According to the above-described manufacturing 
method of this embodiment, the solid-state imaging device 
having a similar structure to the solid-state imaging device 
1 shoWn in FIG. 2, namely the solid-state imaging device in 
Which the thickness of the silicon layer Where the photo 
sensor portion Was formed, is 10 pm or less (preferably 5 um 
or less), can be manufactured. 

[0136] Therefore, in accordance With the manufacturing 
method of this embodiment, a high sensitivity can be 
obtained in the visible light range, and mixed color and the 
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shading caused by light incident on the adjacent pixels and 
electrically mixed color With the adjacent pixels can be 
restrained; the dynamic range can be improved; and the 
solid-state imaging device Without the smear can be manu 
factured. 

[0137] In this embodiment, since the silicon layer 21 is 
formed on the SOI substrate 24 in advance, an interface 
thereof is comparatively stable and the dark current gener 
ated on the interface can be reduced compared With the 
structure shoWn in FIG. 1. 

[0138] Further, since the thickness of the silicon layer 21 
can be controlled favorably and the spectroscopic charac 
teristic can be stabiliZed, the yield ratio of manufacturing 
can be improved. 

[0139] Furthermore, With respect to the silicon layer 21, 
since the Wiring portion 3 is formed on the front-surface 
side; the ?rst supporting substrate 31 is bonded to the 
rear-surface side; and thereafter the ?rst supporting substrate 
31 is removed, the silicon layer 21 is not ground, so that a 
mechanical damage to the silicon layer 21 can be prevented. 

[0140] Further, in this embodiment, since the SOI sub 
strate 24 is used, it becomes possible to manufacture the 
solid-state imaging device With loWer cost using an existing 
(commercially available) inexpensive SOI substrate 24, for 
example. 
[0141] Particularly, in the manufacturing method of this 
embodiment, the crystallinity on the interface of the active 
layer of the silicon layer 21 can be improved by the heat 
treatment at a comparatively high temperature When the ?rst 
supporting substrate 31 is bonded, so that the solid-state 
imaging device With loW noise can be manufactured. Fur 
ther, since the p+ region 19 on the rear-surface side is formed 
by ion implantation into the silicon layer 21 from the 
rear-surface side, the position of the p+ region 19 can be 
controlled easily in the vicinity of the interface of the 
rear-surface side of the silicon layer 21. 

[0142] Next, as another embodiment of the method for 
manufacturing the solid-state imaging device of the present 
invention, another method for manufacturing a solid-state 
imaging device having the back-illuminated type structure 
similar to the solid-state imaging device 1 of FIG. 2 is 
explained. 
[0143] In this embodiment, the SOI substrate 24 shoWn in 
the vertical section of FIG. 7 is also used. 

[0144] In the SOI substrate 24, the Whole thickness thereof 
is 725 um and the thickness of an intermediate layer (SiO2 
coating) 22 is 10 um or less for example, and the thickness 
of the silicon layer 21 is 10 pm or less (preferably 5 um or 
less). 
[0145] First, as shoWn in FIG. 12A, the N-type region 17 
constituting the photo diode, the p+ region 19 on the 
rear-surface side, the p+ region 16 on the front-surface side 
and the N-type region Which forms the ?oating diffusion 15 
are respectively formed on the silicon layer 21 of the SOI 
substrate 24 by ion implantation. In addition, the matching 
mark 26 is formed for positioning the color ?lter and the 
on-chip lens. Note that, the N-type region 17 has different 
patterns in the upper portion and in the loWer portion, so that 
the ion implantation is performed tWice, in Which the loWer 
portion is formed and then the upper portion is formed, for 
example. 



US 2006/0281215 A1 

[0146] At this time, When the thickness of the silicon layer 
21 is 5 pm or less, the ion implantation can be performed 
using the photo resist (not shoWn in the drawing) as the 
mask; hoWever, When the thickness of the silicon layer 21 is 
more than 5 pm, the ion implantation is required to be 
performed With a comparatively high energy using the hard 
mask such as an oxide coating. 

[0147] Next, the gate electrode 14 of the read-out transis 
tor is formed on the silicon layer 21 With a thin insulative 
coating in betWeen. 

[0148] Subsequently, as shoWn in FIG. 12B, the Wiring 
portion 3 is formed on the silicon layer 21, in Which a 
plurality of Wiring layers 12 are formed With the insulative 
layer 11 in betWeen. 

[0149] Further, a protective coating is formed on the upper 
surface of the Wiring portion 3, though it is not shoWn in the 
draWing. This protective coating is to prevent the Wiring 
layer 12 from being affected by the Wiring portion 3 absorb 
ing moisture. For example, the silicon nitride coating is 
formed by a plasma CVD method. 

[0150] Then, as shoWn in FIG. 12C, an adhesive layer 32 
is formed on a surface of the ?rst supporting substrate 31, 
and the ?rst supporting substrate 31 is adhered to the Wiring 
portion 3 With this adhesive layer 32 in betWeen. After that, 
the heat treatment at 400 degree centigrade or less is 
performed to bond the ?rst supporting substrate 31 to the 
Wiring portion 3. Since the heat treatment at this time is 
performed after the Wiring layer 12 Was formed, temperature 
thereof is set to loWer to be 400 degree centigrade or less for 
preventing the Wiring layer 12 from being affected. An SOG 
(Spin On Glass) and a metal layer capable of metal bonding 
can be used as the adhesive layer 32 in this case. 

[0151] Then, as shoWn in FIG. 13A, a Wafer is positioned 
upside doWn. 

[0152] Subsequently, the rear-surface side is etched by a 
back-grinding method, a CMP (Chemical Mechanical Pol 
ish) method, a Wet-etching method or the like, for example, 
and the silicon substrate 23 and the intermediate layer (SiO2 
coating) 22 of the SOI substrate 24 are removed. Accord 
ingly, as shoWn in FIG. 13B, the silicon layer 21 is exposed. 

[0153] Next, an oxide coating is formed by oxidiZing the 
upper surface of the silicon layer, though not shoWn in the 
draWing. 
[0154] After that, as shoWn in FIG. 13C, an anti-re?ective 
coating 28 is formed on the silicon layer 21, and a color ?lter 
5 and an on-chip lens 6 are formed thereon sequentially. A 
pad electrode for connecting to the outside terminal is also 
formed, though not shoWn in the draWing. 

[0155] Accordingly, the solid-state imaging device of the 
back-illuminated type structure can be manufactured. 

[0156] In addition, also in this case, the semiconductor 
region of the transistor and others of the peripheral circuit 
portion is formed When the semiconductor region of the 
photo sensor portion is formed. Similarly, also the Wiring of 
the peripheral circuit portion is formed as the Wiring layer 
12. 

[0157] According to the above-described manufacturing 
method of this embodiment, the solid-state imaging device 
having the same structure as that of the solid-state imaging 
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device 1 shoWn in FIG. 2, namely the solid-state imaging 
device in Which the thickness of the silicon layer Where the 
photo sensor portion is formed, is 10 pm or less (preferably 
5 pm or less), can be manufactured. 

[0158] Therefore, in accordance With the manufacturing 
method of this embodiment, a high sensitivity can be 
obtained in the visible light range; mixed color and the 
shading caused by the light incident on the adjacent pixels 
and the electrically mixed color With the adjacent pixels can 
be controlled; the dynamic range can be improved; and then, 
the solid-state imaging device Without the occurrence of 
smear can be manufactured. 

[0159] In the above embodiment, since the silicon layer 21 
is formed on the SOI substrate 24 in advance, an interface 
of the silicon layer 21 is comparatively stable, so that the 
dark current generated on the interface can be reduced less 
than that of the structure shoWn in FIG. 1. 

[0160] Further, since the thickness of the silicon layer 21 
can be controlled favorably, the spectroscopic characteristic 
thereof can be stabiliZed, so that the yield ratio of manu 
facturing can be improved. 

[0161] In addition, With respect to the silicon layer 21, 
since the Wiring portion 3 is formed on the front-surface side 
and the silicon substrate 23 and the intermediate layer 22 on 
the rear-side surface are removed, the silicon layer 21 is not 
ground, so that a mechanical damage can be prevented from 
affecting the silicon layer 21. 

[0162] Furthermore, in the above embodiments, since the 
SOI substrate 24 is used, it becomes possible to manufacture 
a solid-state imaging device With loWer cost using the 
existing (commercially available) inexpensive SOI substrate 
24, for example. 

[0163] Particularly, in the manufacturing method of the 
above embodiment, since the heat treatment is performed at 
a comparatively loW temperature of 400 degree centigrade 
or less, the in?uence of the heat treatment on the impurity 
regions of the source/drain and others of the transistor Which 
is formed in a portion other than the photo resist of the 
silicon layer is made small. As a result, since the channel 
length of the transistor can be shortened more by applying 
the latest design rule, the miniaturization can be performed 
easily. 

[0164] Note that, in the case Where the thickness of the 
silicon layer 21 of the SOI substrate 24 has approximately 
10% dispersion, the spectroscopic characteristic can not be 
in?uenced; hoWever, dispersion With respect to the depth of 
the N-type region 17 and to the position of the P+ region 19 
on the rear-surface side may occur, even if the ion implan 
tation is performed under the same condition. 

[0165] If the P+ region 19 on the rear-surface side is 
formed at the position deeper than the interface of the silicon 
layer 21 on the rear-surface side, the effectiveness that 
controls the dark current becomes insufficient, and the noise 
occurs, Which is undesirable. On the other hand, if the P+ 
region 19 on the rear-surface side is formed at the position 
shalloWer than the interface of the silicon layer 21 on the 
rear-surface side, the P+ region 19 becomes an electrical 
barrier and the amount of electric-charge Which can be read 
out decreases, so that the sensitivity deteriorates. 




